Introduction
Wide band gap ZnSe and CdSe based ternary crystals have potential applications in semiconductor display technology. Therefore ZnSe and CdSe based semiconductors are of high interest for fabricating various photonic and optoelectronic devices such as laser diodes (LD), light emitting diodes (LED) and solar blind photodetectors (PD). By using Zn 1-x Mg x Se or Cd 1-x Mg x Se materials of different band gaps (i.e., compositions) as the cladding and waveguiding layers, we can design the LD and LED structures with emission that can be adjusted throughout the entire visible spectrum, from blue to green and red [1, 2] .
Over the past few years there has been increasing interest in the optical nonlinearities of ZnSe and CdSe based ternary crystals because of their potential with regard to the application of nonlinear optical devices to optical signal processing and optical computing [3] . Although ZnSe and CdSe based ternary crystals are attractive semiconductors as a material for optoelectronic devices, a little is known about the optical response of this material at high photon energies. For devices application, knowledge of the optical response over a wide energy range is of great importance [4] .
In this work, we present the results on third order nonlinear optical susceptibility of Zn 1-x Mg x Se and Cd 1-x Mg x Se crystals measured by degenerate four-wave mixing (DFWM) and nonlinear transmission techniques using Nd:YAG laser operating at the wavelength 532 nm.
Experimental
Degenerate four-wave mixing (DFWM) method is sensitive only to the absolute value of the third order nonlinear optical susceptibility c <3> . This third order signal may arise from both the real and imaginary parts of the susceptibility, corresponds to nonlinear refraction. Study of two-photon absorption (TPA), which can be a main limiting factor in nonlinear optical processes, is important from a practical point of view, apart from being of 8 In the TPA experiments, the excitation wavelength was chosen in such a way that the corresponding two-photon energy exceeded the band gap energy E g of ZnMgSe and CdMgSe ternary crystals. Therefore, the energy gap of studied crystals at room temperature and the energy of the used laser match the condition E hv E g g 2 < < , where the band gap of ZnSe and CdSe based ternary systems under investigation varies from 1.75 eV to 3.39 eV, and hí = 2.33 eV (ë = 532 nm). That is why for some studied crystals, the two-photon absorption was not observed by the laser line at 532 nm. The relation between the laser photon energy and energy band gap of the investigated crystals allows for determining the TPA coefficient b, corresponding to the imaginary parts of the third order nonlinear optical susceptibility c < > 3 for the studied materials [5] .
We used the standard backward degenerate four-wave mixing (DFWM) method in order to quantify the refractive nonlinearities. This is the most commonly used technique to study third order nonlinear optical materials. In this experiment, three optical pulses (two pump beams and a probe beam), each of 30-ps duration produced by Nd:YAG laser, were obtained by using two-beam splitters. The pulses were aligned so as to coincide within the sample, both temporally and spatially. The angle between the pump beams and weak-probe beam was less than 12°. Two of these beams interfere inside the sample to form a grating from which the third beam diffracts to form a phase-conjugate signal that retraces the probe path. The photodetector (Ph) and photomultiplier tube (PM), which were fed to a digital storage oscilloscope and linked to the computer, recorded the incident and phase-conjugate energies, respectively. The spatial profile of the pulse was Gaussian. All beams were kept with parallel polarizations (xxx) and the experiment was carried out at room temperature. Carbon disulfide CS 2 was used as reference material to calibrate the measurement system in DFWM (c CS esu
). ZnMgSe and CdMgSe crystals were grown from the melt by the modified high-pressure Bridgman method under an argon overpressure of 11 MPa using ZnSe and CdSe powder (6N Koch-Light) mixed with proper amount of metallic powdered Mg (purity of 99.8%) as a starting material. The prepared mixture was melted in the graphite crucible, kept at high (1850 K) temperature for several hours and then the crucible was moved-out of the heating zone with the speed 2.4 mm/hour. The crystals were cut into about 1.5-mm thick plates and mechanically polished. The final thickness of the investigated samples was about 1 mm. (1), [6] . One should notice, that all studied samples reveal a nonlinear absorption.
Results and discussions
Taking into account one-and two-photon contribution to the absorption, the nonlinear transmission formula can be expressed [7] T I L I
where a is the linear absorption coefficient, L is the thickness of the sample, and b is the TPA coefficient, R = (n -1) 2 / (n + 1) 2 is simply the reflectance, and n is the refractive index of the crystal. The values of TPA coefficient b extracted from the fitting of experimental data to theoretical Eq. (1), (Fig. 1) , are presented in Table 1 . Dependence of I I T 1 versus I 1 gives a line, which intercepts the ordinary axis at (
The values of the linear absorption coefficient a are also listed in Table 1 . The imaginary part of the third order nonlinear optical susceptibility was calculated with Eq. (2) [8, 9] 
where n is the refractive index and c I < > 3 is the imaginary part of third order nonlinear optical susceptibility. The calculated values for c I < > 3 are also presented in Table 1 . [8] .
From the data presented in Table 1 , we can notice that in the case of Zn 1-x Mg x Se the value of the DFWM reflectivity, which quadratically depends on c < > 3 , decreases with increasing Mg content. Such behaviour is not surprising because the nonlinear optical properties depend on the energy band gap E g of the studied material. As a general rule, the processes of the third order nonlinear optical susceptibilities c < > 3 scale with E g -4 [6, 10] . For this reason, when the energy band gap of the studied material increases, the value of the third order nonlinear optical susceptibility c < > 3 decreases. In the case of Cd 1-x Mg x Se with low content of Mg, no response was observed for the studied wave- length since the energy gap in such crystals is smaller than the photon energy of laser radiation. We have also found that the values of the imaginary and the real part of third order nonlinear optical susceptibility c < > 3 for Cd 0.70 Mg 0.30 Se are higher than for Zn 0.67 Mg 0.33 Se. This behaviour can be understood if one take into consideration that the free carrier concentration in Cd 1-x Mg x Se samples is about four orders of magnitude higher than that in Zn 1-x Mg x Se ones with comparable Mg content respectively. It is commonly known that when the electric conductivity increases, the values of nonlinear optical properties increase too [11] .
Study of the third order nonlinear optical properties of Zn
For comparison we also presented the value of the third order nonlinear optical susceptibility of ZnSe annealed in zinc vapour (see in Table 1 ). This value is of the same order of magnitude as the results obtained previously [12] .
Conclusions
In this paper, we present the results of third order nonlinear optical properties using degenerate four-wave mixing (DFWM) measurements performed in Zn 1-x Mg x Se and Cd 1-x Mg x Se solid solutions. Combined DFWM measurements, with independent measurements of two-photon absorption (TPA) coefficient in the studied materials, indicate that the measured susceptibility in the investigated crystals at 532 nm is dominated by nonlinear refraction.
In the case of Zn 1-x Mg x Se we have found that the value of third order nonlinear optical susceptibility c < > 3 decreases with increasing Mg content. The origin of this behaviour comes from dependence of the third order nonlinear optical susceptibilities on the energy band gap E g of the studied crystals. However, in the case of Cd 1-x Mg x Se with low content of Mg, no nonlinear optical response was observed at the used wavelength. This fact could be due to that the energy gap in such crystals is smaller than the photon energy of laser radiation.
We also found that a value of the third order nonlinear optical susceptibility c To our knowledge, the DFWM measurements are made for the first time in this kind of materials. This predictive capability is extremely important from the standpoint of searching for materials with large nonlinearities.
